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Introduction
In Germany, approximately 16 million operations are performed every year, which include 2.5 million abdominal operations [1] . The implementation of the ERAS (enhanced recovery after surgery) concept in the early 1990s pursued the goal of an improved postoperative recovery with the help of an interdisciplinary team [2] . One key factor is the optimization of the postoperative analgesia. The epidural catheter is now the state of the art postoperative pain therapy [2, 3] . Directly before the operation, an epidural catheter is placed in the epidural space. Analgesics are administered during the operation and typically for a few days after surgery [4] . The benefits of an epidural catheter for pain relieve is a reduction of gastrointestinal paralysis, nausea and vomiting [4] . On the other side, epidural administration of opioids mixed with a local anesthetic can lead to hypotension, itching and urinary retention [4] . High-dose epidurals using bupivacaine 0,25% have been shown to be associated with a rate for postoperative urinary tract retention (POUR) of up to 33% [5] . The risk for urinary tract retention leads to routine bladder catheterization, which itself is associated with a higher incidence of catheterassociated urinary tract infections (UTI) [6] . Catheter-related urinary tract infections are one of the most common nosocomial infections with a significant morbidity and costs [7] . 80% of nosocomial urinary tract infections are associated with the presence of urinary catheters [7] . A UTI is catheter-associated if the catheter was in place for more than 2 days or removed the day before the UTI appears [7] . With every day of transurethral catheterization, there is a 3-10% risk of bacteriuria [8, 9] . One of the most important measures to prevent a catheter-associated UTI is to remove the catheter as soon as possible [10] . Suprapubic catheters are an alternative to urethral catheters with several advantages, such as patient comfort, less pain and better mobility [11] . Whether the risk for a catheter-associated UTI is lower in patients with suprapubic catheters compared to patients with a urethral catheter remains unclear [12] . A retrospective study comparing patients after rectum resection with a transurethral or suprapubic catheter showed similar infection rates (5.6 vs. 5.8%) [13] . Several studies have shown a slight decrease in the risk for a UTI, however, the quality of evidence is low, and the studies limited [14] [15] [16] . In contrast, other studies showed catheter-associated bacteriuria with suprapubic catheters in 95% of cases and UTIs in 11% [12] .
In patients receiving a bladder catheter as well as an epidural catheter during abdominal surgery, the point in time of bladder catheter removal must be chosen wisely: not too early to induce complications of possible urinary retention due to the epidural catheter and not too late to induce urinary tract infections.
Up to date, no official recommendations exist as to when the urinary catheter should be removed during the postoperative period. Thus, the first aim of this study was to determine the current handling of bladder drainage and epidural catheters in the postoperative period after abdominal surgery in Germany. The second aim was to identify the optimal time frame of suprapubic bladder catheter removal in regard to the removal of the epidural catheter to reduce the risk for urinary tract infections.
Methods
A questionnaire was sent to 102 German maximum care hospitals with a general and /or visceral surgery department (state and university hospitals). The questionnaire was sent to the chief surgeon's office. We received 83 answers for the current handling of bladder drainage and epidural catheters. The questionnaire included the following questions:
• Do you use an epidural catheter in patients receiving abdominal surgery? YES / NO patients age 15 to 89, who received an epidural catheter and a suprapubic bladder drainage after abdominal surgery (this included operations of the gastrointestinal tract, liver, gallbladder, pancreas, urogenital tract and peritoneum). The indication for an epidural anesthesia was an anticipated "major" abdominal surgery and did not include smaller operations, such as a laparoscopic cholecystectomy or appendectomy. We identified a total of 1250 patients, of which 501 patients were included in this study. 749 patients were excluded. Exclusion criteria were missing information on removal of the suprapubic catheter or the epidural catheter, incomplete data regarding urinary tract infections, exitus during the hospital stay, postoperative complications in need of additional surgery and postoperative sepsis. We divided the patients into three groups according to the point in time of suprapubic bladder drainage removal in regard to the removal of the epidural catheter (before, after and simultaneously). We then analyzed the onset of a urinary tract infection. A UTI was defined as the detection of over 10 5 bacteria/ml. We defined the catheter-associated UTIs as those, which appeared in the first four days after removal of the last catheter and were diagnosed between the second and 14 th day after surgery. All other UTIs were defined as not catheter-associated. Due to the retrospective nature of the data and the lack of an established voiding test protocol, an analysis of urinary retention and voiding disorder postoperatively could not be analyzed with this dataset. The data was analysed with a statistical software setup in Linux by an in-house biostatistician. Clinical parameters were compared with the Mann-Whitney U or Kruskal-Wallis test for continuous data and with the Fischer´s exact test for categorial variables. P < 0.05 was considered statistically significant. Multivariable analysis was by binary logistic regression. All variables with a p-value <0.1 in univariate analysis were included in the multivariate analysis.
Results

Results of the questionnaire
Out of the 102 questionnaires sent, there was a return rate of 81,4% (n = 83). In almost all hospitals (98.8%), patients received an epidural catheter for abdominal surgery and those patients also received a bladder drainage (98.8%, data not shown). The transurethral urinary catheter was used more often than the suprapubic catheter (men: 66.3% versus 16.9%; women: 65.0% versus 13.3%; see Fig 1) . The point in time of urinary catheter removal in relation to the removal of the epidural catheter is not standardized. Thus, the removal of the urinary catheter is equally distributed between before, simultaneously and after the removal of the epidural catheter (see Fig 2) . There was only a minor difference in the handling of male and female patients.
Results of the retrospective study Between 1 st of October 2012 and 1 st of August 2015, 1250 patients, aged 15 to 89, received an epidural catheter and a suprapubic bladder drainage after abdominal surgery at the University Hospital Würzburg. 749 patients were excluded due to our defined exclusion criteria, which was mainly due to missing information, leaving 501 patients, who were included in this study. The average age was 61.6 ± 14.2 years, 55% were male and 45% female (277 vs. 224 patients).
In 148 patients (29.5%) the suprapubic bladder drainage was removed before the epidural catheter and in 272 patients (54.3%) after the removal of the epidural catheter. In 81 patients (16.2%) the suprapubic catheter and epidural catheter were removed on the same day (see Fig  3) . Tables 1 and 2 show the patient characteristics of the included 501 patients. The mean age was 61.6 ± 14. . The most common comorbidity was diabetes mellitus with 16.6%. Hepatobiliary and colon surgery were the two most common surgical procedures (32.7 and 37.9%). A differentiation between laparoscopic and open surgery was not made.
Duration of suprapubic bladder and /or epidural catheterization. On average, the suprapubic catheter was removed 6.1 ± 3.8 days and the epidural catheter 4.7 ± 1.2 days after the operation (see Table 1 ). There was a positive correlation between the duration of suprapubic bladder catheterization and the age, ASA score and the length of the operation (see Table 3 ). Concerning the epidural catheter, there was a positive correlation between the BMI and the length of the operation (see Table 4 ).
Removal of the suprapubic bladder catheter in relation to the removal of the epidural catheter. The longer the duration of the operation, the later the bladder drainage was removed after the removal of the epidural catheter (tau = 0.13, p τ <0.001). In line with this correlation, the duration of operation was significantly longer in patients receiving the removal of the suprapubic catheter after the removal of the epidural catheter (266.1 ± 120.7 minutes versus 230.2 ± 109.3 minutes (before) and 228.7 ± 97.3 minutes (simultaneous removal), p kw = 0.0019).
When regarding the different operations sites, the point in time of catheter removal differed. In patients receiving a colon or rectum resection the suprapubic bladder drainage was removed significantly more often after the removal of the epidural catheter (see Table 5 ). All other operation sites did not show a significant difference in the point in time of bladder drainage removal (data not shown, available in the supporting information file).
Occurrence of urinary tract infections. 67 patients (13.4%) developed a urinary tract infection during the postoperative period (95%-CI: 10.6-16.7). 22 male patients (7.9%) and 45 female patients (20.1%) developed a postoperative urinary tract infection. This was significantly more often in females (p<0.001). 31 patients developed a catheter-associated urinary tract infection (6.7%, 95%-CI: 4.7-9.4).
36 patients of the 501 included patients received a transurethral bladder catheter after removal of the suprapubic catheter. Of those, 11 patients had a urinary tract infection (30.6%).
Compared to the 465 patients with only a suprapubic catheter, significantly more patients with transurethral catheter had a UTI during the postoperative period (p fy = 0.0042).
The length of the postoperative hospital stay was significantly longer in the patients with a UTI, whether the UTI was catheter-associated or not (no UTI: 14.6 ± 9.4 days; UTI, not catheter-associated: 20.3 ± 13.0 days; catheter-associated UTI: 20.5 ± 16.1 days; p kw <0.001).
We were then interested whether the occurrence of a UTI was associated with the point in time of the removal of the suprapubic bladder drainage or the removal of the epidural catheter. There was no significant difference in the occurrence of a UTI when the three patient groups were compared (bladder drainage removal before / simultaneously / after removal of the epidural catheter, see Table 6 ). In the multivariate regression we were able to determine the risk factors for a UTI: older age, female sex, longer duration of the operation. Patients with malignant diseases as primary diagnosis and reason for operation had significantly less UTIs (see Table 7 ). No significant difference in the UTI occurrence rate was seen when comparing the different operation sites (upper gastrointestinal tract: 1.8%, hepatobiliary 7.3%, colon 7.0%, rectum 5.6%, peritoneal 6.3%, gynecological and nephrological 0%; p = 0.8). The point of time of the removal of the suprapubic catheter did not influence the occurrence of UTIs but there was a tendency to an enhanced risk of UTI with a prolonged time of catheterization (see Table 6 ).
Discussion
In our retrospective study, we were able to show that the point in time of removal of the suprapubic bladder catheter in relation to the removal of the epidural catheter does not influence the occurrence rate of urinary tract infections. The occurrence rate of UTIs was approximately identical in the three defined patient groups (removal of the bladder catheterization before / simultaneously / after the removal of the epidural catheter).
A UTI is catheter-associated if the catheter was in place for more than 2 days or removed the day before the UTI appears [14] . As we do not routinely screen for UTI after catheter removal, we defined the period of a catheter-associated UTI broader in order to register all possible catheter-associated UTIs. We suspect a latency of 1-2 days between first symptom and the realization of a urinalysis. The patient may already have the symptoms but time elapses until the nurse is notified and until the urinalysis is realized. Thus, we defined the catheter- associated UTIs as those, which appeared in the first four days after removal of the suprapubic catheter and were diagnosed between the second and 14 th day after surgery. With these criteria we detected catheter-associated UTIs in 6.67% of patients. A few studies have examined the complications of the postoperative use of epidural catheters. It has been shown that use of an epidural catheter can lead to urinary retention, which then leads to prolonged bladder catheterization [5] . Prolonged bladder catheterization is associated with a higher incidence of catheter-associated UTIs [6] . Studies have shown that the intrathecal application of morphine can suppress bladder contraction and this effect can be reversed by the addition of naloxone [17, 18] . In a prospective, randomized, double-blind study, Kim et al. showed that epidural sufentanil has less micturition problems as a side effect compared to epidural morphine. Thus, the authors suggest, the routine bladder catheterization may not be necessary beyond the first postoperative day [19] . In our study, in most patients (54.29%) the bladder catheter remained until after the epidural catheter was removed. The different reasons are not known, but one can assume that limited mobilization and urinary tract retention (measured by the amount of residual urine) are possible reasons for the prolonged bladder catheterization in our study. Interestingly, the rate of UTIs was not increased in this group, as one might expect in patients with prolonged bladder catheterization. With every day of transurethral catheterization, there is a 3-10% risk of bacteriuria [8, 9] . One explanation for the missing increase in UTIs might be that the patients all received a suprapubic bladder drainage. Several studies have shown a slight decrease in the risk for a UTI in patients with a suprapubic bladder catheter in comparison to the transurethral bladder catheter. However, the quality of evidence is low and the studies limited [14, 15] . Bonkat et al. showed catheter-associated bacteriuria with suprapubic catheters in 95% of cases and UTIs in 11% [12] , which is comparable to the rates in patients with transurethral catheters [20] and with the data presented here. Bouchet-Doumenq et al. also showed comparable infection rates in patients with a suprapubic and transurethral bladder catheter [13] . In our study we were able to show an increased rate of UTIs in patients with a transurethral catheter when compared to those with a suprapubic bladder catheter (30.56 versus 12.04%, respectively; 6.67% suprapubic catheter-associated, p = 0.0042). However, this might by biased as these patients received a transurethral catheter after the suprapubic catheter was removed. The cause of re-catheterization is not known (urinary retention possible) and may be associated with occurrence of a UTI. Thus, a comparison of these two groups is not feasible. Patients with rectum carcinoma undergoing rectum resection are a unique group of patients due to the additional risk of postoperative voiding dysfunction [21] . In a controlled study of patients after rectum resection the authors were able to show, that prolonged transurethral catheterization should be restricted to patients after resection of the lower rectum to avoid urinary tract retention. In all other patients (resection of the middle and upper rectum), the urinary catheter should be removed on the first postoperative day to avoid a urinary tract infection [22] . A retrospective study investigated the occurrence rate of urinary dysfunction after rectum resection and detected a rate of 38% [13] . In our study, patients with a rectum resection the suprapubic bladder drainage was removed significantly later. Interestingly, this patient group also did not show an increased rate of UTIs. Unfortunately, as no standardized protocol to detect urinary tract retention in our institution exists, we do not have any data on the frequency of urinary tract retention, particularly after rectum resection. Due to the lack of national guidelines for the postoperative management of urinary catheters and epidural catheters in Germany, we conducted a nation-wide survey. In almost all German hospitals (98.80%), patients received an epidural catheter, as well as a bladder drainage after abdominal surgery. The transurethral urinary catheter was used more often than the suprapubic catheter (men: 66.27% versus 16.87%; women: 65.01% versus 13.25%). In our hospital we prefer the suprapubic catheter due to better patient comfort and the option of a voiding test before catheter removal to detect urinary tract retention. The insertion of the suprapubic catheter is more invasive than that of the transurethral catheter, but studies have shown comparable morbidity with both catheter types [13] . Due to the lack of evidence, the removal of the urinary catheter was equally distributed between before, simultaneously and after the removal of the epidural catheter.
Due to several limitations of this retrospective study, further investigations are necessary to determine the optimal point in time of bladder drainage removal in relation to the removal of the epidural catheter to reduce the risk of urinary tract infections. In conclusion, guidelines do not exist, leading to an inhomogeneous postoperative protocol concerning the removal of bladder catheters. The point in time of removal of the suprapubic catheter in relation to the removal of the epidural catheter does not seem to influence the rate of catheter-associated UTIs. Nevertheless, the UTI rate seems to increase with length of bladder drainage. Due to a potentially reduced risk of UTI and an improved and increased mobilization, patients may benefit from an earlier removal of the suprapubic bladder catheter. 
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